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Advisor: Joshua Jessel 
Functional analyses allow a clinician to identify causal relations between environmental stimuli 
and problem behavior. Recent developments in functional analysis methodology have been 
devoted to creating practical procedures that can be conducted in a brief period of time. 
However, the extent to which improvements in analytic efficiency affect treatment outcomes 
have yet to be fully explored. We conducted a consecutive case series with 13 individuals who 
exhibited problem behavior. The participants experienced a comprehensive assessment and 
treatment program beginning with a functional analysis using 3-min sessions and ending with 
functional communication training and delay/denial tolerance training. Results demonstrated 
near elimination of problem behavior by the terminal treatment goal for all participants. This 
suggests that a clinician can still successfully treat problem behavior following relatively rapid 
assessment periods.  
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Using Brief Session Duration During Functional Analysis 
to Inform the Treatment of Problem Behavior in 13 Consecutive Cases 
Problem behavior is considered socially inacceptable behavior that could be physically 
harmful to oneself or others and could negatively impact the education and future development 
of the individual exhibiting the problem behavior (Hagopian et al., 2013). Problem behavior can 
take many forms including aggression (e.g., hitting, kicking biting or scratching others), 
disruption (e.g., throwing objects and ripping materials), negative vocalizations (e.g., screaming, 
swearing, yelling), and self-injury (e.g., head banging, eye gouging, or hand biting). Problem 
behavior can develop to the point of needing costly, specialized intervention in typically 
developing children or adults as well as those with developmental disabilities (Matson et al., 
2010).  
In children with autism spectrum disorder (ASD), prevalence of problem behavior tends 
to be high. Up to 94.3% of children with ASD display at least one severe problem behavior 
throughout their lifetime (Jang et al., 2011; Matson et al., 2010; Murphy et al., 2009). Problem 
behavior may have detrimental effects on the quality of life of children with ASD and their 
parents. Specifically, children who engage in problem behavior may be excluded from social 
events (e.g., peer birthday parties, day at the park, etc.) and may experience slower progress in 
early intervention behavior programs (Jang et al., 2011). To improve the quality of life of the 
entire family, parents tend to seek help from professionals in treating problem behaviors.  
Functional communication training (FCT) is one of the most commonly implemented 
function-based treatment plans shown to significantly decrease problem behaviors (Hagopian et 
al., 1998; Kurtz et al., 2011). In FCT, the function of problem behavior is identified through 
systematic assessment, then an alternative functional communication response (FCR) is taught to 





replace the problem behavior. The clinician reinforces the FCR while placing the problem 
behavior on extinction (Carr & Durand, 1985). Furthermore, current recommendations for 
conducting FCT involve teaching multiple responses of increasing complexity to improve social 
acceptability and developmental appropriateness of the communication forms (Tiger et al., 2008)  
For example, Ghaemmaghami et al., (2018) examined the effects of FCT with complexity 
training on problem behavior. Complexity training involved gradually shaping more complex 
forms of the simple FCR, while increasing the establishing operation exposure and duration of 
reinforcement, to minimize the resurgence of problem behavior. They taught two participants 
four increasingly more complex FCRs starting with a simple FCR “My way” and ending with the 
complex target FCR “Excuse me? [pause] May I have my way please?”. Both participants 
showed reductions in problem behaviors and no reemergence of problem behavior when the 
complex target FCR was taught. To examine the necessity of the shaping procedure, the authors 
replicated the results with two additional participants, and included terminal topography probes 
(i.e., all FCRs and PB were placed on extinction except for the terminal complex FCR). Results 
showed that gradually shaping more complex FCRs resulted in fewer instances of problem 
behavior. Participants’ rate of problem behavior did increase during the terminal topography 
probes, suggesting resurgence of problem behavior. Therefore, gradual shaping procedures are 
necessary for minimizing reemergence of problem behavior.  
FCT may be effective in improving the communication skills; however, it is impractical 
for caregivers to provide the reinforcers following every FCR and reinforcement must be thinned 
to socially appropriate levels. Thus, to maintain reductions in problem behavior, the individual 
should be taught how to tolerate inevitable periods of denied access to reinforcement (Hagopian 
et al., 2011). One specific method of reinforcement thinning has been termed delay/denial 





tolerance training (DDTT) and involves teaching skills by arranging contingencies during the 
delay to promote tolerance (Hanley et al., 2014; Ghaemmaghami et al., 2016). For example, 
O’Rourke et al. (2019) examined the effects of DDTT to maintain reductions in problem 
behavior when the FCRs of four delinquent adolescents in a residential detention facility were 
denied. Participants learned to emit a tolerance response upon denial (e.g., “all right”). After the 
participant exhibited the tolerance response, the therapists conducted resetting, differential-
reinforcement-of-other-behavior (DRO) trials, where the participants needed to wait a 
progressively increasing amount of time without problem behavior before access to the 
reinforcers was provided. Problem behavior for all participants remained low as the duration of 
time required to wait was systematically increased to around 10 min.  
Hanley et al. (2014) examined the effects of a comprehensive treatment package 
including FCT with complexity training and DDTT with three children with ASD. During FCT 
phases, experimenters taught increasingly complex FCRs while placing participants’ problem 
behaviors on extinction. After the participants learned the target complex FCR, the 
experimenters continued with contingency-based reinforcement thinning that gradually increased 
the wait period dependent on the number of instructions that the children needed to comply with 
before reinforcement was re-presented. By the time the participant completed the study, problem 
behavior was eliminated with caregiver implementers in multiple settings and the improvements 
were reported to be socially acceptable. However, it is important to note that these effective, 
skill-based treatment plans rely heavily on the identification of the environmental variables 
contributing to problem behavior using a functional assessment.  
Functional assessment is a process designed to obtain information about the 
environmental variables influencing problem behaviors to better inform treatment procedures 





(Hanley et al., 2003). Functional assessments can include three possible general procedures such 
as indirect assessments, descriptive assessments, and functional analyses. Indirect assessments 
are used to gather information through rating scales and interviews regarding the problem 
behaviors. Descriptive assessments involve clinicians directly observing problem behavior and 
collecting information on any immediate antecedents and consequences. Antecedent and 
consequences likely to influence problem behavior are systematically arranged during the 
functional analysis, creating the only empirical demonstration of functional control. 
Unfortunately, strong demonstrations of control does not necessarily translate to practical utility 
and clinicians may choose less effective functional assessment methods if barriers to clinical 
applicability arise.  
Oliver et al. (2015) sent an online survey to 12,431 BCBA of all levels asking them to 
report methods of use, barriers experienced, and usefulness of functional assessment methods in 
their practice. Oliver et al. found that 90% of BCBAs regularly use functional assessment, but 
53.7% of BCBAs reported that descriptive assessment is enough to determine function of 
behaviors. Only 36% reported using functional analyses in their practice. Similarly, Roscoe et al. 
(2015) surveyed 205 BCBAs working in Massachusetts on their use of different functional 
assessment methods in their practice. The authors found that clinicians generally relied on 
descriptive assessments rather than functional analyses to determine functions of problem 
behavior. It is interesting to note that clinicians in both studies reportedly believe that functional 
analyses are the most useful tool to identify functional relations. Despite understanding the 
importance of the functional analysis, it seems as though clinicians rely on indirect and 
descriptive assessments. When clinicians were asked why they do not use functional analyses, 





they reported not having enough time or resources to conduct the analyses among other clinical 
barriers.  
Many researchers have developed modified methods of conducting functional analyses in 
an effort to reduce clinical barriers (e.g., Northup et al., 1991; Thomason-Sassi et al., 2011; 
Sigafoos & Saggers, 1995; Smith & Churchill, 2002). Hanley (2012) described a practical, three-
step assessment process that included elements clinicians were likely to use (i.e., indirect and 
descriptive assessments). The practical functional assessment began with an open-ended 
interview with the caregivers attempting to determine the antecedent and consequent variables 
contributing to problem behavior. An overall context is then created during the brief observation 
period emulating the environment in which problem behavior is expected to occur. Finally, the 
functional analysis is conducted validating the information obtained from the interview and 
observation.    
Since the seminal introduction of the practical functional assessment, many applied 
researchers have found the process could be completed in an efficient manner. Coffey et al. 
(2019) conducted a review of research examining the outcomes of 17 studies using the practical 
functional assessment. The authors found that researchers were able to complete the entire 
functional assessment process within a 75-min time period, the analysis itself within a mean 
duration of 30 min. For example, in a consecutive case series of 25 outpatient applications, Jessel 
et al. (2018) completed the practical functional assessment within one clinical visit and used the 
results to inform a treatment involving the teaching of complex communication skills and 
tolerance to denied access of reinforcement. By the final sessions of treatment, problem behavior 
was reduced, communication improved, and the participants were complying with adult 
instructions when the reinforcers were unavailable.  





Based on the previous research on the practical functional assessment, it is difficult to 
determine how efficient the process could be because (a) there is no standard session duration 
designated to be used during the functional analysis and (b) session durations have varied widely 
based on clinical discretion. For example, Jessel et al. (2016) collected data on 30 applications of 
the functional analyses conducted in research and clinical settings. The functional analysis 
sessions were as brief as 3 min and as long as 15 min, creating analyses requiring a total duration 
ranging between 15 and 75 min. It is possible that session duration was extended for some 
individuals in attempt to improve experimental control. Interestingly, recent research has 
suggested that analytic brevity is largely unlikely to impact interpretations of functional control 
(Jessel et al., 2020a, 2020b).  
Jessel et al., (2020a) examined functional analyses conducted with 10-min sessions in a 
consecutive case series with 18 participants (Study 1). They analyzed the first 3 and 5 min of 
each 10-min session for each participant to determine whether interpretations of functional 
control deteriorate with briefer session durations. Jessel et al. evaluated functional control using 
binary and multilevel methods. In the multilevel structured criteria, functional analyses showing 
strong control are those that reliably evoke problem behavior during the test conditions and 
eliminate problem behavior during control conditions, whereas analyses with weak control 
encountered overlap between the conditions as well as occurrences of problem behavior in the 
control condition. The authors found that functional analysis results were likely to be 
differentiated and have strong control regardless of the session duration. Furthermore, the results 
were replicated in an additional 8 consecutive cases using 3-min sessions in Study 2. Jessel et al. 
suggest that many functional analyses could be conducted within 15 min without negatively 
impacting interpretations of functional control. However, the studies were strictly focused on the 





practical functional assessment and did not report any treatment outcomes. It is therefore 
possible that analytic brevity could impact the efficacy of the subsequent treatment.    
The purpose of this study was to determine if brief session durations during the functional 
analysis would impede on the ability to reduce problem behavior and obtain socially meaningful 
outcomes among individuals with and without developmental disabilities. Specifically we are 
examining (a) whether brief session durations during the functional analysis will lead to 
differentiated functional analyses with strong control, (b) whether FCT with DDTT based on 
results from the brief session duration functional analysis is effective at reducing problem 
behavior, and (c) whether the entire assessment and treatment process is found to be socially 
acceptable among caregivers. We conducted a consecutive case series with 13 participants 
referred to an outpatient clinic for the assessment and treatment of problem behavior. The initial 
session duration of the functional analyses for all participants was 3 min. We then developed 
treatments teaching complex communication skills and delay/denial tolerance skills informed by 
the results of the functional analyses.  
Method  
Participants and Settings 
Thirteen participants were included in this study. Eight participants (62%) were recruited 
through a clinic flyer or through word of mouth. Five participants (39%) were referred to the 
university clinic because caregivers and teachers reported that they exhibited problem behavior 
that was difficult to manage in the home and school environment. Participant characteristics and 
demographics are presented in Table 1. Ten participants were male and three were female 
ranging between the ages of 2 to 20 years of age (median age was 6 years old). Most participants 
were diagnosed with ASD (77%), with two of them having an additional diagnosis of attention 





deficit hyperactivity disorder (ADHD) as reported by the parents. Three participants did not have 
a diagnosis. Participant’s language abilities varied between nonverbal (31%), one-word 
utterances (39%), short disfluent sentences (15%), and full fluency (15%) as reported by the 
parents during the initial interview. Participants exhibited a number of problem behaviors 
categorized as loud vocalizations (85%), tantrum (62%), aggression (77%), disruption (69%), 
and self-injurious behavior (31%). Sessions took place at university-based outpatient clinic in a 
room (2.45 m X 2.45 m). The clinic session rooms included a designated workstation with a 
table and two chairs and a leisure station with a child-sized couch or beanbag chair.  
Measurement 
Problem Behavior 
Problem behavior included any loud vocalizations (e.g., screaming, yelling, swearing, 
growling), tantrum (e.g., dropping to the floor, crying, and/or whining for more than 30 s), 
aggression (e.g., hitting, kicking, scratching, and/or biting others), disruption (e.g., tearing, 
throwing, or hitting items), and self-injurious behaviors (e.g., hitting, scratching, or biting self). 
Targeted topographies of problem behavior for each participant can be found in Table 1. The rate 
of problem behavior was calculated by dividing the total count by the duration of the session. 
Communication Responses 
Participants were taught at least three different topographies of functional communication 
responses (FCRs). This included an initial simple response, one or multiple intermediary 
responses, and a terminal complex response. The initial complexity of the FCR was directly 
related to the participant’s verbal ability at the beginning of the study. For participants who were 
nonverbal, the experimenter taught them FCRs using picture exchange icons. The simple FCR 
involved the participant handing the experimenter a 10 cm by 10 cm card with a picture of the 





item or words “My way!” Intermediary FCRs involved reducing the size of the picture cards, 
placing them on a picture-exchange binder, or moving the icons to further locations. The 
terminal complexity typically included a 5 cm by 5 cm icon on a picture-exchange binder. In 
other words, the complexity of the communication response was systematically improved 
regardless of if the participant was nonverbal.  
For participants who were verbal, the experimenter taught simple FCRs that were 
reported by caregivers to be within verbal abilities. The experimenter categorized the participants 
verbal abilities as one-word utterances (i.e., participants only communicate using one word), 
short disfluent sentences (i.e., participants communicate using 2-3 words with involuntary 
disruptions in speech), or fully fluent (i.e., participants communicate easily and articulately). For 
example, Mark was described as communicating with one-word utterances, his simple FCR was 
“my way”, whereas Amy, who communicated using short disfluent sentences, was taught to say, 
“iPhone please”. As FCRs became more complex, Mark and Amy were taught to say, “My way 
please” and “May I play on the iPhone please,” respectively. Complexity gradually increased 
based on two requirements. First, the communication eventually including some verbal 
interaction with the experimenter by requesting their attention (e.g., Mark and Amy learned to 
say “excuse me”). Second, following the experimenter’s response, the participants asked for their 
way using a complex phrase beyond the verbal abilities originally reported by the caregivers 
(e.g., Mark learned to say, ”May I have my way, please”; Ziad learned to say, “Can I stay and 
play”). The rate of simple, intermediary, and complex FCRs were calculated for all participants 
by dividing the number of occurrences by the session duration.  
Tolerance responses were also a form of communication taught to the participants. The 
tolerance responses varied for each participant. Denial of reinforcements occurred when the 





experimenter said “No” or “Not right now” in response to the participant’s complex terminal 
FCRs. For non-verbal participants, the tolerance response included them either giving the 
experimenter a high five (e.g., Adam gave the experimenter a high five in response to “not right 
now”) or providing the experimenter with a “No Problem” picture icon often found inside of the 
picture-exchange binder (i.e., FCR on top with tolerance inside). Verbal participants learned to 
say a word or phrase (e.g., Mark learned to say “Okay”). The rate of tolerance response was 
calculated by dividing the number of occurrences by the session duration. In addition, the 
tolerance response was measured regardless of the denial. If the participant ever said “ok no 
problem” at any point during the session it was scored as a tolerance response. All forms of vocal 
communication were free operants. Table 2 displays each participants’ targeted forms of 
communication (i.e., simple, intermediary, and complex FCRs).   
Compliance  
Compliance was defined as the participant engaging in the appropriate response within 5 
s of the experimenter’s instruction. Instructions were delivered by the experimenter using the 
three-step prompting procedure (i.e., verbal, model, full physical). Compliance was scored if the 
participant completed the instruction within the first or second prompt. Compliance was 
calculated as percentage correct, by dividing the number of compliances by the number of 
prompts and multiplying the quotient by 100.  
Clinical Hours 
We also included a measure of therapeutic services that were required throughout the 
entire assessment and treatment process as an indicator of how long it would take for a clinician 
to achieve the terminal outcomes. Therapeutic services were provided in clinical hours (i.e., 60-
min sessions) and measured in 30-min increments. Each visit was 1 to 2 clinical hours depending 





on the caregiver’s schedule. Clinical hours started when the participant entered the clinic and 
ended after the visit was complete and the participant left the clinic. Furthermore, we calculated 
the clinical hours required for each phase of the process (i.e., functional assessment, FCT, 
DDTT) to determine the relative efficiency of each step.  
Interobserver/Intercoder Agreement and Procedural Integrity 
A secondary independent observer scored video recorded or live sessions to calculate 
IOA. IOA was calculated for all frequency responses (problem behavior, communication 
responses, and compliance). For all frequency measures (problem behavior, FCRs, and 
compliance), partial agreement coefficients were calculated by dividing each session into 10 s 
intervals. The smaller number of responses recorded was divided by the larger number of 
responses recorded on an interval-by-interval basis. The quotient was then converted to a 
percentage. We obtained IOA for 61% of sessions (randomized) on average across participants 
(range, 40 to 100%). The mean IOA across participants for problem behavior during the 
functional analysis was 96.7% (range, 94.0 to 100%). The mean IOA across participants for 
problem behavior, communication responses (FCRs and tolerance response), and compliance 
was 99.8% (range, 99 to 100%), 97.6% (range, 96 to 99%), and 94.4% (range, 84.3 to 100%), 
respectively.   
The same observer also assessed procedural integrity by coding approximately 43% 
(range, 35 - 60%) of the sessions (randomized) for each participant’s analysis and treatment. The 
percentage of correctly implemented functional analysis components (i.e., presentation of 
appropriate instruction, reinforcement provided contingent on problem behavior, and allowing 
access to noncontingent reinforcement during control) and treatment components (i.e., 
presentation of the instruction, extinction for problem behavior, reinforcement for FCR, 





reinforcement for compliance, reinforcement for tolerance, reinforcement for 30 s durations 
during FCT, and 1 min during DDTT, and termination of reinforcement after 30 s/1 min elapse) 
was calculated by dividing the number of correct presentations of intervention components (trial 
by trial) by the total number of correct plus incorrect presentations of components multiplied by 
a 100. Procedural integrity checklists can be found in Appendices A through D. The mean 
procedural integrity across participants for functional analysis was 99% (range, 98 - 100%). The 
mean procedural integrity across participants for treatment (including FCT and DDTT), was 98% 
(range, 95 - 100%). See Appendix E for an individualized summary of IOA and procedural 
integrity.  
Intercoder agreement for the analysis of control was calculated. A second coder 
independently analyzed the functional analysis graphs and coded them as no control, weak, 
moderate, and strong control. An agreement was considered both coders scoring the same level 
of control. A disagreement was considered the level of control not matching. A percentage of 
agreement was calculated by dividing the number of agreements by the total number of 
agreements and disagreements, then multiplying that quotient by 100. We obtained intercoder 
agreement for 100% of functional analyses with 100% agreement on the level of control.  
Experimental Design 
A consecutive controlled case-series (Hagopian, 2020) was used to report the results of 
13 participants. Data from all eligible participants are included and presented in order of their 
enrollment in the outpatient clinic. All participants received the same assessment and treatment 
services for their problem behavior. Using a consecutive controlled case-series allows for a 
demonstration of consistent outcomes across multiple participants and enables us to examine 
questions regarding the generality of assessment and treatment procedures.  





Experimental control was demonstrated during the functional analysis using a 
multielement design. A functional analysis was interpreted as having experimental control if 
problem behavior was reliably evoked during the test condition and eliminate or reduced during 
the respective control conditions. The test and control conditions were rapidly alternated in the 
following order: control, test, control, test, and test. Functional analyses began with a control 
condition to allow the participant to contact rich reinforcement during their first encounter with 
the experimenter. Furthermore, the last two test conditions were conducted consecutively to 
ensure the problem behavior was sensitive to the contingencies and not the alternations of 
conditions. Additional sessions were conducted as needed based on a visual analysis of the data. 
For example, more sessions would have been conducted if problem behavior occurred in the 
control condition or if there was a decreasing trend in the test condition.  
During the treatment evaluation, experimental control was demonstrated using a 
multiple-baseline design, by showing and replicating changes in the rate of target behaviors in 
each stepwise change in the FCR requirement (Cooper et al., 2007). The data from functional 
analysis test conditions were used as a baseline for comparison to the treatment. Treatment 
effects were evaluated across multiple criteria, gradually increasing the complexity. For example, 
every participant started with a simple FCR and was subsequently taught two or three different 
levels of intermediary responses before the terminal complex response and tolerance response. 
Multiple icons, regardless of if they were targeted or not, were included in the session for those 
participants who were nonverbal. This was done to ensure that, much like the verbal participants, 
the nonverbal participants could emit any FCR as a free operant throughout the session. Thus, 
experimental control is demonstrated when the FCR emitted conforms to the staggered 
introduction of the treatment for each response.  






Open-Ended Interview  
On the first day, the experimenter conducted an open-ended interview with caregivers. 
The experimenter used the interview form (found in appendix of Hanley, 2012) to guide their 
discussion with the parents. The interview form included questions related to a) topography of 
problem behavior, b) antecedents to problem behavior, c) consequences that follow problem 
behavior, and d) contextually relevant stimuli such as preferred items and activities. The 
information from the interview aided in developing and arranging the environment and 
contingencies in the semi-structured observation. We video recorded parent interviews for six 
out of 13 participants. The interviews of these caregivers were not selected for any particular 
reason. Interviews were needed for an entirely separate study on training clinicians to conduct 
functional analyses and so it became standard practice to record interviews. However, we used 
these sample of recordings to determine the mean duration of the interview to be 21.83 min 
(range, 16.5-27.5 min).   
Semi-Structured Observations  
During the semi-structured observation, the experimenter unsystematically arranged the 
contexts described as likely to evoke the problem behavior. The semi-structured observations 
was used to refine the definitions of problem behaviors and create a better understanding of the 
contextually relevant and idiosyncratic events that could influence the participant’s problem 
behavior. All problem behaviors reported by parents and any observed during the semi-
structured observation were targeted for intervention. The information obtained from the parents 
and the semi-structured observations, was then used to create a single test condition and a 
matched control condition for the functional analysis. Five out of 13 observations were recorded, 





again not based on any systematic criteria. The mean duration of the observation period based on 
this sample was 14 min (range, 2.5-34 min) and was dependent on the observation of at least 
three instances of problem behavior during the arranged contingency. In addition, caregivers 
continued to be consulted during this time and any feedback as to the ecological validity of the 
context was incorporated.  
Functional Analysis  
The procedures of the functional analysis were identical to that of the interview-
informed, synthesized contingency analysis (IISCA; Jessel et al., 2016). The functional analysis 
consisted of a single test and control comparison. The contingency evaluated during the 
functional analysis included evocative events and preferred events informed by the interview and 
observation (see Table 3). At the beginning of each test condition, the experimenter arranged the 
evocative events that were hypothesized to contribute to the occurrence of problem behavior. If 
participants engaged in any problem behavior during the presentation of the evocative events, the 
evocative events were removed and the preferred events were presented for 30 s. Evocative 
events varied across participants including transitions (54%) presenting instructions (46%; i.e., 
either academic instructions of manding and tacting trials, determined according to level of 
functioning), reading a workbook (8%), divided attention (8%), adult directed play with phone 
(8%), blocking access of leisure time (8%), and none (8%). Preferred events also varied across 
participants from interactive play (46%), independent play (15%), access to phone or iPad 
(31%), child directed play with phone (8%), and free access of leisure items (8%). 
During the control conditions, the experimenter delivered continuous non-contingent 
access to the preferred events identified during the interview and observation and did not present 





the evocative events. Occurrence of problem behavior during the control condition resulted in no 
environmental changes.  
The initial functional analyses always included 3-min sessions. If the results of the 
functional analysis were not originally differentiated, the experimenter asked the caregivers 
follow-up questions to determine the appropriate course of action. The experimenter returned to 
the open-ended questions and conducted a new observation to re-design the functional analysis if 
the caregiver reported the individualized contingency did not sufficiently represent the context in 
which problem behavior was likely to be observed. On the other hand, the experimenter 
continued with the initial functional analysis but increased the duration of the session to 5 min if 
caregivers reported that the contingency evaluated correctly represented the context in which 
problem behavior was likely to occur but more time was required. Each modification was 
categorized as a distinct functional analysis. That is functional analyses that do not require any 
modifications and were conducted one time with interpretable outcomes were considered 
primary iterations. Functional analyses that required one modification to achieve differentiated 
outcomes were considered secondary iterations.  
Functional Communication Training  
Training to teach the communication skills were initiated prior to evaluation of the 
treatment effects. Each training session consisted of 5 trials with 30-s access to the reinforcers 
identified during the functional analysis contingent on the target form of communication. 
Responses to be targeted were based on participants’ baseline language abilities. Each participant 
received training for the simple FCR, intermediary FCRs, complex FCR, and tolerance response. 
The experimenter began by teaching all participants a novel and generalizable response (e.g., 
“my way”). This response was used to simultaneously regain access to all reinforcers in the 





synthesized contingency. Verbal and non-verbal participants received most-to least verbal and 
full physical prompts, respectively. For verbal participants, the experimenter began with a full 
verbal prompt (e.g., “My way”) which was gradually faded to a partial prompt (e.g., “Mm”), and 
then finally to a time delay of 2 to 5 s directly related to the participant’s vocal abilities. For non-
verbal participants, the experimenter began with a full physical that was faded to a partial prompt 
and finally to a gestural prompt.  
Training began with the experimenter presenting the antecedent stimulus (e.g., saying 
“okay, times up”) followed immediately by the full prompt of the targeted FCR (e.g., “My way” 
or handing in the 10 x 10 cm my way card). When participants emitted the target FCR, they 
received access to the reinforcer for 30 s. After 30 s, the experimenter presented another training 
trial. Reinforcers were withheld throughout the entire training process if problem behavior 
occurred. Reinforcers were also withheld for previous forms of communication following 
successive training of each new targeted response. In other words, simple FCRs (intermediary 
FCRs) were no longer reinforced once the experimenter began teaching an intermediary FCR 
(complex FCR). For example, Mark would escape instructions and have access to his tablet only 
after he emitted the simple FCR (“My way”). If Mark engaged in problem behavior, the 
experimenter continued to provide instructions and withheld the tablet. During intermediary FCR 
training, Mark could access his reinforcers by engaging in the intermediary FCR (“My way, 
please”). If Mark engaged in problem behavior or said, “My way” (i.e., simple FCR), the 
experimenter continued to provide instructions and withheld the tablet. Participant reached 
mastery criterion when they achieved 100% independent correct responding across two sessions 
with no instances of problem behaviors.  





Training for the tolerance response was conducted similarly in that each session consisted 
of 10 trials, five of which were tolerance trials and five were FCR trials. During FCR trials, 
participants received 30-s access to reinforcers immediately after emitting the target complex 
FCR. During tolerance trials the experimenter delivered the reinforcer only after the participants 
emitted the chained responses: FCR response and tolerance response. The experimenter taught 
participants to say “okay” (verbal participants) or to hand another 5x5 cm card that said “okay, 
no problem” (non-verbal participants) in response to the experimenter denying them access to 
reinforcer by saying “Not right now”. Participant reached mastery criterion when they achieved 
100% independent correct responding across two sessions with no instances of problem 
behaviors. 
Treatment Evaluation of Functional Communication Training (FCT) 
Following mastery of each form of communication, the experimenter conducted 
treatment evaluation sessions respective to the newly acquired response. Session duration was 
identical to the duration of the participants’ functional analysis sessions and extended to 5 min 
for all participants once the tolerance response was evaluated. During these sessions, all prompts 
and any training procedures were discontinued. Participants received access to reinforcers 
following the independent use of the target FCR while problem behavior remained on extinction. 
The reinforcers were only delivered if the FCR was emitted independently without problem 
behavior. In addition, if problem behavior occurred during the tolerance response, the participant 
was required to complete the entire communication chain with the complex FCR in order to earn 
the reinforcer. The treatment evaluation ended when participants completed three consecutive 
sessions with low levels or no problem behaviors and high levels of target communication. 
DDTT began after the criteria above was met with the tolerance response.  





Delay/Denial Tolerance Training (DDTT) 
The procedures of DDTT were similar to those described in Ghaemmaghami et al. 
(2016), which was termed contingency-based delay. These sessions were no longer duration 
based and were dependent on the quasi-random presentation of six trials (see Figure 1 for a 
schematic of the procedures for each trial). The six trials consisted of two FCR trials where the 
reinforcers were immediately delivered following the target complex FCR, one tolerance trial 
where the reinforcers were delivered following the tolerance response, and three instruction trials 
of varying difficulty (i.e., easy, moderate, and difficult). The six trials were quasi-randomized 
using a number generator before each session to ensure unpredictability of the schedule; 
however, each session had to maintain the same proportion of FCT, tolerance, and instruction 
trials. 
The level of difficulty of the instructions was determined by the number of instructions 
that had to be completed in order for the participant to receive the reinforcers. In other words, the 
easy instructional trial included the least number of instructions and the difficult instructional 
trial included the most. During the instructional trial, the participant engaged in the chained 
responses of emitting the FCR and tolerance response before the instructions were introduced. 
Upon saying “okay” to the experimenter, the experimenter provided general praise and then 
began presenting the programmed number of instructions for that trial. When a participant 
engaged in problem behavior, the experimenter continued providing instructions until the 
participant completed the programmed requirement without problem behavior. For example, if a 
trial required a participant to complete six instructions, and the participant engaged in problem 
behavior after the third instruction, the experimenter reset the number and provided instructions 
until the participant completed six without any problem behavior. Following completion of 





programmed instructions, the participant received 1-min access to the reinforcers before the next 
trial was initiated. Instruction difficulty was progressively increased as the participants met 
criteria of at least two sessions with low rates of problem behavior, maintained levels of 
communication, and high levels of compliance. However, the number of sessions to meet criteria 
was sometimes extended due to clinical judgement (e.g., long holiday break between the last 
session).  
The specific instructions and the terminal number of instructions were dependent on 
caregiver expectations and reports. The experimenter discussed goals with the caregivers prior to 
the onset of treatment and agreed upon the terminal goal to be met during the child’s 
participation in the outpatient clinic. In addition, the terminal goal often involved compliance 
with transitions and was included in the final step of DDTT for many of the participants. The 
transition involved the same number of programmed instructions; however, the instructions were 
incorporated into transitioning appropriately with an adult (e.g., standing up, holding hands, 
walking outside the session room, talking to others, knocking doors). The final goal often 
included a mix of table top academics, experimenter-directed play, or transitions (See Table 2 for 
individualized descriptions procedures).   
One of the participants (Daichi) experienced denial probes (see delay denial baseline in 
Beaulieu et al., 2018) toward the end of DDTT because the caregiver suggested that the 
treatment was so successful at home that he began attempting to comply with instructions and 
did not engage in problem behavior before the terminal goal was reached. During these denial 
probes, Daichi had access to his communication board; however, all requests were denied and he 
was presented with instructions for an entire 10-min session.  






Analysis of Control  
To examine the level of functional control demonstrated during the functional analysis, a 
multilevel structured criterion was used identical to Jessel et al. (2020a). The functional analyses 
were categorized into three levels of control: strong, moderate, and weak. Analyses showing 
strong functional control are those that reliably evoked problem behavior during the test 
conditions (no overlap in data across test and control conditions) and eliminated problem 
behavior during control conditions. Analyses showing moderate functional control are ones that 
either show overlap in data points across control and test conditions or display problem 
behaviors during the control condition. Analyses with weak control showed overlap in data 
between control and test conditions as well as displayed problem behaviors during the control 
condition. The purpose of the analysis of level of control was to determine if the brief session 
durations used during the functional analysis negatively impacted interpretations of experimental 
control.  
Mean Baseline Reduction  
The experimenter calculated effect size using the nonparametric statistical analysis Mean 
Baseline Reductions (MBLR; Kahng et al., 2002). The experimenter calculated the mean rates of 
problem behavior for each assessment/treatment phase (baseline, simple FCR, intermediary 
FCR, complex FCR, DDTT) and the outcome (i.e., final three sessions). MBLR was calculated 
using the equation: (1 − (
𝐹𝑖𝑛𝑎𝑙 3𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒
𝐹𝑖𝑛𝑎𝑙 3𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡
)) × 100. Where Finale 3baseline refers to the mean of the 
three (if only three sessions were conducted) or final three data points from the baseline and 
Final 3treatment refers to the outcome data or mean of the final three data points from the 





treatment. Percentages could range from negative values, indicating that the treatment worsened 
problem behavior, to 100%, indicating a complete elimination of problem behavior.  
Investigator’s Global Assessment  
Based on the results of the MBLR calculation participants were categorized by their 
treatment outcomes using a version of the Investigator’s Global Assessment (IGA; Rao et al., 
2004) modified to be used with problem behavior as an outcome assessment tool. We included 
the IGA because it has been used by clinicians for more than 35 years and has shown high 
clinical construct validity and test-retest reliability (Spuls et al., 2010; see review Langley et al., 
2015 for more information). The categories on the IGA corresponded to percentage 
improvements in symptoms. The IGA included 6 categorizations that ranged from worse 
(negative MBLR values) to complete improvement (100% MBLR value). The entire list of 
categories and their definitions can be found in Table 4. 
Statistical Analysis 
Statistical analyses were performed using IBM SPSS Statistics for Windows, Version 
24.0 (Armonk, NY). A repeated measure analysis of variance (ANOVA) with one within subject 
factor (baseline vs FCT vs DDTT) was computed for rate of problem behavior. Significant 
effects were followed by pairwise comparisons of each condition. The assumption of sphericity 
was assessed by Mauchly’s test of sphericity. The effect size was calculated using the ANOVA 
function in IBM SPSS Statistics yielding partial eta squared for the main effect.  
Social Validity 
 A social validity assessment (Appendix F) was conducted with each caregiver/parent at 
the end of the study, when the participants were discharged from the clinic. The social validity 
assessment included questions about the appropriateness of the analyses and treatments used in 





this study, the caregiver’s satisfactions with the treatment results, and whether the contexts used 
in this study approximated the contexts in the participant’s natural environment. Caregivers rated 
all items on a 7-point Likert scale ranging from one, indicating not acceptable/satisfied/helpful, 
to seven, indicating highly acceptable/satisfied/helpful.  
Results 
Functional Analysis 
The results of the functional analyses are presented in Figure 2 for 12 participants. Ten of 
13 functional analyses (77%) required no additional iterations and three (23%) required 
secondary iterations (Daichi, Ziad, Gabie). Low and undifferentiated levels of problem behavior 
were observed during Daichi’s primary functional analysis; however, the caregiver reported 
Daichi was “visibly frustrated” and was likely to exhibit problem behavior in the arranged 
context. Therefore, Daichi’s sessions were increased to 5 min in the second functional analysis 
iteration and differentiated outcomes was obtained. Ziad did not exhibit any problem behavior 
during the primary functional analysis. After open-ended questions with caregiver, she suggested 
that Ziad was only likely to exhibit problem behavior in her presence. Another observation was 
then conducted that informed the secondary iteration for Ziad that included the caregiver as the 
experimenter. Differentiated outcomes were obtained in Ziad’s secondary iteration. Gabie did 
not exhibit problem behavior during the primary functional analysis iteration with 3-min sessions 
and the duration was increased to 5-min because the caregiver originally reported that Gabie was 
going to exhibit problem behavior in that identified context. When Gabie’s caregiver was 
continuously questioned on the validity of the assessment after no problem behavior continued to 
be observed in the 5-min sessions, she reported that she was looking more for services 
diagnosing Gabie with a learning disability. The caregiver was referred for other psychological 





services and Gabie’s participation was terminated. Therefore, Gabie was the only one of the 13 
participants who did not exhibit problem behavior during the entire functional assessment 
process. Results of the remaining 12 participants’ functional analyses are described below.  
Elevated rates of problem behavior were observed during the test condition (M = 2.03 
RPM, SD = 1.32) compared to near zero rates in the control condition (M = .013 RPM, SD = 
.07). Mark was the only participant who displayed some problem behaviors during the control 
condition. All participants reliably displayed elevated rates of problem behaviors that were 
maintained at those levels, during the test conditions. For all participants, there were no overlap 
between test and control conditions. Most functional analyses (85%) showed strong functional 
control, only one analysis (7%) showed moderate functional control (Mark), and one (7%) 
showed no control (Gabie). Eleven of 12 participants (92%) required only five sessions 
(minimum number of sessions) and this was sufficient to determine function of behavior because 
there was no overlap or near elimination of problem behavior during the control condition. Only 
Mark required six sessions. This suggests that the functional analyses were able to identify a 
socially mediated synthesized contingency that contributed to problem behavior for 92% (12 of 
13) of participants. Furthermore, the functional analyses demonstrated strong control over 
problem behavior using the brief session durations (M = 16.08 min, SD = 2.93) and only one 
participant required 5-min sessions. The results of the functional analyses were used to inform 
the subsequent treatment.  
Treatment Evaluation of Functional Communication Training (FCT) 
Table 5 presents the reductions in problem behavior across different phases for 11 of the 
12 participants whose functional analyses were differentiated. The caregiver for Liam 
discontinued services following the first day of services before treatment started. The caregiver 





reported requiring medical attention that would interfere with their ability to bring Liam 
consistently to sessions. The remaining 11 participants completed FCT. Below are the results of 
the treatment evaluation for the 11 participants.    
Increased rates of problem behavior were observed across participants during baseline (M 
= 2.03 RPM, SD = 1.32). On average, there was a 98% decrease in problem behavior across all 
participants during simple FCR evaluation, with nine of the 11 participants displaying zero rates 
of problem behavior (M = .04 RPM, SD = .04). Similarly, low rates of problem behavior were 
observed during the intermediary phase (M = .01 RPM, SD = 0) with a 99.5% reduction in 
problem behavior. A 99.5% reduction in problem behavior was observed by the terminal 
complex FCR phase (M = .01 RPM, SD = .04).  By the terminal complexity of FCT 100% (11 of 
11) of participants experienced a reduction of greater than 75% reduction in problem behavior, 
91% (10 of 11) experienced a reduction of greater than 90%, and 91% (10 of 11) experienced a 
complete reduction in problem behavior. 
Delay/Denial Tolerance Training (DDTT) 
DDTT results from all 11 participants are reported, however, only 10 of 11 completed 
DDTT phase in its scheduled entirety. Only one participant (Adam) did not reach the terminal 
treatment goal. Adam’s caregiver was a single, low-income parent who reportedly lost her 
vehicle and, due to Adam’s problem behavior, was unable to take public transportation.  
A 98.5% reduction in problem behavior was observed during the DDTT phase (M = .03 
RPM, SD = .02) of the treatment evaluation. The outcome (i.e., last three data points for each 
participant of DDTT) displayed overall low rates of problem behavior (M = .02 RPM, SD = .01) 
with a 99.2% reduction in problem behavior. Using the IGA, all participants were identified as 
showing improvements in problem behavior and no participants’ problem behavior was 





identified as worsening during the treatment evaluation. More specifically, 55% (6 of 11) of the 
participants obtained a complete improvement in problem behavior and the remaining 45% (5 of 
11) obtained an excellent improvement in problem behavior.  
By the DDTT (all phases) 100% (11 of 11) of participants experienced a reduction of 
greater than 75% reduction in problem behavior, 100% (11 of 11) experienced a reduction of 
greater than 90%, and 36% (4 of 11) experienced a complete reduction in problem behavior. 
Evaluation of the Entire Treatment Process 
The entire treatment process for each participant is presented in Figures 4 through 14. 
The treatment process for some representative and exceptional participants are summarized 
below. Larry (Figure 12) exhibited high rates of problem behavior in baseline (M = 2.33 RPM, 
SD = .33). When the experimenter provided the reinforcers contingent on the simple FCR, 
problem behavior was eliminated and the simple FCR increased (M = 2 RPM, SD = 0). As the 
experimenter started teaching the intermediary FCR, rates of problem behavior remained zero, 
simple FCR decreased to zero, and the intermediary FCR increased (M = 2.16 RPM, SD =.19). 
When teaching terminal complex FCR, rates of complex FCR increased (M = 1.67 RPM, SD = 
0), while rates of problem behavior, simple FCR, and intermediary FCR all remained zero. This 
shows that in all phases, rates of responding increased only when the reinforcer was contingent 
on that specific response. Responses that were extinguished remained at zero rates. When the 
experimenters introduced DDTT, Larry’s tolerance response increased (M = .88 RPM, SD = .19), 
while rates of complex FCR remained high (M = 1.56 RPM, SD = .19). When the experimenter 
started presenting instructions, Larry’s rates of problem behavior slightly increased when 
instructions increased, but quickly decreased and remained relatively low (M =.26 RPM, SD=.8), 





as compliance increased (M = 96.46%, SD = .07).  Similar results were found across all ten 
participants who participated in treatment and reinforcement thinning.  
Daichi (Figure 6) experienced the same FCR and tolerance phases and showed similar 
patterns as Larry, however his last DDTT condition was denial probes. During these denial 
probes, FCRs were always on extinction and instructions were presented for the entire session 
(10 min).  When the experimenter started presenting instructions during the denial probes, 
Daichi’s complex FCR rates (M = .25 RPM, SD = .13) and tolerance rates (M = .05 RPM, SD = 
.06) slightly decreased.  While communication decreased, his problem behavior remained 
relatively low (M =.05 RPM, SD=.06), as compliance increased (M = 80.75%, SD = 15.5).   
Ziad (Figure 14) is an exceptional participant since he only showed problem behavior in 
the presence of his mother. Ziad did not display any problem behaviors during the functional 
analysis when the experimenter conducted it, however engaged in problem behavior when his 
mother conducted the functional analysis. The data were not graphed, however Ziad experienced 
each phase twice, once with the experimenter (to ensure he learned the FCRs and tolerance 
responses), and then another time with his mother. His mother learned to implement the 
treatment through behavioral skills training and through observing the experimenter. During 
baseline, Ziad showed elevated rates of problem behaviors (M = 1.67 RPM, SD = 0). Ziad’s rates 
of problem behavior decreased to zero rates during the FCR, tolerance, and DDTT phases, while 
his communication responses increased. At the end of treatment Ziad did not display any 
problem behavior with his mother especially after she full transitioned him out of the clinic and 
into a public place while placing instruction.  
Overall examining the outcome for all participants, 100% (11 of 11) of participants 
experienced a reduction of greater than 75% reduction in problem behavior, 100% (11 of 11) 





experienced a reduction of greater than 90%, and 64% (7 of 11) experienced a complete 
reduction in problem behavior. 
Figure 16 summarizes the number of clinical hours experienced by each participant. The 
practical functional assessment (i.e., interview, observation, functional analysis) was the shortest 
component of the assessment/treatment package for all participants (M = 1.08 hrs; range, 1 to 2 
hrs). FCT with complexity training was completed in a mean of 3.09 hrs (range, 1.5 to 5 hrs) 
while DDTT required the longest amount of time to complete (M = 6.6 hrs; range 5 to 12 hrs)1. 
Overall, participants completed the entire assessment and treatment process in a mean of 10.45 
clinical hours (range, 8 to 15 hrs), conducted over one to three months.  
Statistical Analysis 
Figure 3 depicts the differences in rates of problem behaviors across each stage. The 
sphericity assumption has been violated with a significant Mauchly’s test (p < .001). Violating 
the sphericity assumption may result in an increase in Type I error (false positive). Therefore, 
the F-test result is corrected using the Greenhouse-Geisser correction from F (2,20) = 42.83, p < 
.001 to F (1.001,10.013) = 42.83, p < .001 (degrees of freedom are slightly different due to 
rounding). The correction has increased the p-value to compensate for the fact that the test is too 
liberal when sphericity is violated, therefore yielding a more accurate significance value. The 
rates of problem behavior were significantly different in the three conditions (baseline, FCT, and 
DDTT), F (1.001,10.013) = 42.83, p < .001, 2= .81. Pairwise comparisons show that the rates of 
problem behavior were significantly lower during FCT and DDTT stages than baseline (p < 
 
 
1 Clinical hours required during DDTT calculated using data from participants who completed the 
entire process.  





.001). There were no differences in rates of problem behavior during FCT and DDTT stages (p > 
.05).  
Social Validity 
Following the participant’s discharge from the clinic, the caregivers were provided with a 
social validity questionnaire. The data are summarized in Figure 15. Overall, parents were highly 
satisfied with the analysis and treatment used in the study, rated both the analysis (M = 6.7; SD = 
.6) and treatment (M = 6.8; SD = .4) very highly. Parents rated the acceptability and safety of the 
analysis as highly satisfied with a mean score of 7. The mean rating for accuracy of analysis was 
6.5, SD = .76, ranging between 5 (satisfied) to 7 (highly satisfied). With respect to treatment, 
parents rated the acceptability and helpfulness of treatment in the homes setting as highly 
satisfied, with a mean score of 7. Mean parent’s satisfaction with improvement in their child’ 
social communication skills was 6.63 (SD = .52; ranging between ratings of 6-7). Finally, parents 
showed also high satisfaction with their child’s behavioral improvement with a mean rating of 
6.75 (SD = .46, ranging between ratings of 6-7).  
Discussion 
This study assessed whether functional analyses with 3-min sessions effectively informed 
treatment packages for reducing problem behavior. Results of the functional analyses 
demonstrated differentiated outcomes for almost all participants using the brief session duration. 
This study replicated previous research, indicating that efficient functional analyses can maintain 
strong interpretations of control (Jessel et al., 2020a). Furthermore, treatments informed by the 
efficient functional analyses successfully reduced problem behavior with all children while 
teaching complex communication skills and tolerance with delays to function-based reinforcers. 





This suggests that functional analyses do not require extended durations and can be used by 
clinicians without concern of loss of control or degradation in treatment outcomes.   
Reducing barriers to practical utility will likely improve adoption of empirically 
supported procedures among clinicians working with individuals who exhibit problem behavior. 
We found that the entire assessment and treatment process requires limited amount of service 
hours. Overall, participants in this study completed the entire functional assessment and 
treatment process in approximately 10 hours, conducted in an average of 2 months, with the 
practical functional assessment being the briefest part of the process. However, this timeline 
specifically represents the participants’ experience in an outpatient clinic and does not include 
further generalization to other individuals or transitioning back to their typical in-home of school 
services. These are undoubtedly important tasks that would add to the timeline and future 
research should extend this model to incorporate the entire experience of the child until 
meaningful improvements have been achieved in the intended environment with the relevant 
individuals.    
Improving the efficiency of the functional assessment is likely to be the focus of many 
clinicians’ concerns considering that (a) this is the only period in which contingencies are 
arranged to evoke the problem behavior if a functional analysis is conducted and (b) an effective 
function-based treatment cannot be developed until the assessment process is successfully 
completed. Using 3-min sessions during the functional analysis resulted in the entire functional 
assessment process (i.e., interview, observation, functional analysis) requiring around 52 min. 
This is a 31% improvement in the time it takes to conduct this functional assessment model 
based on a review of previously reported studies (Coffey et al., 2019). Furthermore, the 
timeframe ensures that a clinician is able to complete an assessment of problem behavior in a 





single 1-hr clinical visit and begin designing a treatment by the next visit. Although our study 
addressed concerns of improving efficiency specifically with the functional analysis, future 
researchers could explore reducing the time required to conduct the interview and observation as 
well. As long as the rapid assessment model does not negatively impact treatment outcomes, it 
can help reduce clinical barriers and possibly increase the number of clients who can be provided 
with assessment and treatment services. 
It is also important to note that improving brevity of a functional analysis does not seem 
to have a corresponding negative impact on control using this functional analysis format, as if the 
two constructs (efficiency and control) exist on opposite ends of the spectrum. The functional 
analysis took a mean of 16 min to conduct and maintained strong levels of control. This suggests 
that functional analyses can be both quick and informative. Due to the high probability of 
obtaining strong interpretations of control in such a brief period, it is difficult to support 
functional analysis formats that are likely to require extended periods of time to conduct. It 
seems a functional analysis that takes 15 min to conduct may be just as likely to inform an 
effective treatment, and extended exposure of problem behavior to the putative contingencies 
will not necessarily improve our understanding of the environmental variables. However, we are 
unable to support these claims in the current study because we only conducted a single functional 
analysis format. Future research could compare the levels of control and treatment outcomes of 
different functional analysis formats that require brief to extended durations to conduct. 
Although our results suggest that the time to conduct a functional analysis can be reduced 
by using brief session durations, analytic efficiency can be improved further by reducing the 
entire functional analysis process to a single session. Jessel et al. (2020b) evaluated the single-
session format by reanalyzing the first test sessions of an additional 26 functional analyses and 





applied the multilevel structured criteria. The authors depicted the data in three possible 
variations. The first depiction included the dataset from the full 10-min session. That single 
session was then reduced to only include the dataset from the first 5 min of that session. Finally, 
the dataset from the first 3 min was included as the briefest possible session duration that could 
be used. The level of strong control progressively decreased as the session duration was reduced 
but a functional was still identifiable in functional analyses as brief as 3 min total. Further 
treatment evaluations should be conducted to ensure that this level of brevity is able to continue 
to accomplish the same level of efficacy in reducing problem behavior during FCT and DDTT.  
Although treatment procedures were individualized for all participants based on the 
outcomes of the functional analyses, the general treatment package remained the same in that all 
participants were taught communication and tolerance skills. That is, while the number of 
intermediary FCRs was dependent on the communication abilities, all participants had to 
experience some form of communication training for simple and complex FCRs regardless of 
their baseline language abilities. Current clinical recommendations suggest beginning with this 
process of dense reinforcement for communication before transitioning to reinforcement thinning 
(Hagopian et al., 2011; Tiger et al., 2008); however, it is possible for the time devoted to 
teaching each skill to be better matched to the therapeutic needs of the individual.  
For example, some researchers have used terminal complexity probes during FCT to 
determine the amount intermediary communication responses that were needed (e.g., 
Ghaemmaghami et al., 2018), whereas others used terminal delay probes during DDTT to 
determine the necessity of the systematic and gradual thinning process (e.g., Beaulieu et al., 
2018; Hanley et al., 2014). However, it is important to point out that the previous study examples 
used the probes as elements of the experimental design rather than as a scoring system for 





guiding level of skills mastered and what to target for further training. In other words, probes can 
improve the efficiency of the treatment process by reducing redundancy in teaching previously 
mastered skills and beginning at the individual’s specific deficits. Future researchers could adapt 
the open-ended interview to better target possible probes of such communication abilities and 
determine if the treatment process can be abbreviated but remain effective in teaching complex 
communication skills.  
The continued successful replication of this specific assessment and treatment process 
(e.g., Beaulieu et al., 2018; Boyle et al., 2020; Dowdy & Tincani, 2019; Herman et al., 2018; 
Rose & Beaulieu, 2019; Santiago et al., 2015; Slaton et al., 2017) suggests the possibility of the 
development of a manual with standardized procedures that can be disseminated among 
clinicians and researchers. Doing so could improve access to practical interventions and reduce 
the necessity of costly hospitalization among those who exhibit problem behavior. In assembling 
the manual, it is important to keep in mind the balance of uniformity and flexibility among 
procedures, ensuring a structured treatment program for ease of replication, but also permitting 
clinicians to individualize when necessary to the needs of the families (Smith, 2013). Developing 
a manual for researchers, on the other hand, allows others to evaluate interventions in larger 
scale randomized controlled trials as well as improve ease of replicating findings from single 
subject designs with high fidelity (Johnson et al., 2007). Due to these attributes, clinicians and 
researchers across disciplines tend to garner positive attitudes towards assessment and treatment 
manuals (Addis, 2006; Barry et al., 2008).  
There have been similar manuals devoted to treating the symptoms of ADHD (Barkely & 
Robin, 2014) and training functional communication skills (Durand, 1990); however, the 
development of such standardized treatment packages within the field of applied behavior 





analysis is somewhat sparse. This may be in fact due to our focus on single-case experimental 
design (SCED), which tends to limit the external validity of a treatment’s outcomes. In other 
words, it is somewhat difficult to create a treatment package for a designated group of clients 
because our scientific methods may lack the appropriate experimental preparations to define 
those boundaries between when the treatment will work and who it will work with. This does not 
infer that we must abandon SCED, and in fact quite the contrary, because SCED is essential for 
first establishing that a given treatment is effective and replicable under strict circumstances 
(Sidman, 1960). It is the continued recognition of the generality of the findings that requires 
further analysis that can be conducted while maintaining elements of SCED, such as careful and 
comprehensive review of the SCED literature or consecutive controlled case series (Hagopian, 
2020), or by employing group design methodology (Cihon et al., 2020).    
Beyond displays of quantitatively determined effective outcomes replicated across SCED 
and group designs, barriers to the widespread adoption and dissemination of a standardized set of 
procedures still exist in that the outcomes must be found to be practical among clinicians and 
socially acceptable among constituents. In fact, we have often relied on such subjective 
determinations for identifying acceptable treatment results as a core principle of the field of 
applied behavior analysis (Baer et al., 1968; Wolf, 1978) and yet our adherence to this principle 
within the research literature is fairly inadequate (Carr et al., 1999). In the current study, 
caregivers were an integral part of the process beginning with the open-ended interview and 
conducting the entire assessment and treatment process within their view at all times. Following 
the completion of the family’s participation, the caregivers were asked to fill out a social validity 
questionnaire attempting to validate both the assessment and treatment. The social validity 
results add an important extension to the current literature, highlighting the perceived 





acceptability, safety, and representability of the assessment process, which has been rarely done 
in previous research. Clinician and caregiver approval of the assessment process may help to 
encourage the adoption of the comprehensive assessment and treatment process we developed, 
and researchers should continue to socially validate behavioral interventions to ensure that our 
impact is meaningful to all those who receive our services.   
Measures of social validity contribute to a broader understanding of the effectiveness of a 
treatment. Effectiveness is associated with treatment’s clinical utility, generality, practicality, and 
cost-effectiveness, whereas efficacy is associated with treatment effects under a controlled 
setting (i.e., university-based clinic). Ghaemmaghami et al. (in press) investigated the 
effectiveness of FCT by reviewing 639 applications of FCT (175 empirical studies) and found 
that the majority of FCT studies did not measure maintenance of the obtained positive effects 
across time, settings, and individuals. Furthermore, only 23% of the applications included a 
measure of social validity indicating levels of acceptability, preference, and appropriateness of 
the treatment procedures felt among caregivers or participants. Although we included social 
validity, results of our study are similarly limited in that treatment was discontinued after the 
terminal goal was successfully reached in our clinic and longitudinal effects in generalized 
settings were not measured. Our results identify many positive attributes of a comprehensive 
assessment and treatment process that can likely be incorporated into almost any outpatient clinic 
designed to help those who exhibit problem behavior. However, future researchers should 
continue to evaluate the assessment and treatment procedures in the home with parents, across 
time to increase confidence that the outcomes are indeed sustainable. 





Table 1 Participant Characteristics 
Participant Characteristics 
Participant Age Sex Diagnosis Language Ability Problem Behavior 
Adam 3 M ASD Non-verbal Loud voc, agg, SIB 
Amy 20 F ASD Short disfluent 
sentences 
Agg, dis 
Gabie 7 F No diagnosis Fully fluent Loud voc, agg 
Daichi 2 M No diagnosis Non-verbal Loud voc, agg, 
tantrum, dis 
Eric 6 M ASD 1-word utterances Loud voc, tantrum, 
agg, dis 
Nathan 6 M ASD Non-verbal Tantrum, agg, SIB 
Sam 9 F ASD/ADHD 1-word utterances Loud voc, tantrum, 
dis 
Mark 8 M ASD/ADHD 1-word utterances Loud voc, agg, dis, 
SIB 
Roni 9 M ASD Non-verbal Loud voc, tantrum, 
agg, dis 
Larry 4 M ASD 1-word utterances Loud voc, tantrum. 
agg, dis,  
Liam 4 M ASD 1-word utterances Loud voc, tantrum 
Terrance 7 M No diagnosis Fully fluent Loud voc, dis 
Ziad 6 M ASD Short disfluent 
sentences 
Loud voc, tantrum, 
agg, SIB, dis 
Note. ASD refers to autism spectrum disorder; ADHD refers to attention deficit hyperactivity 
disorder; voc refers to vocalizations; agg refers to aggression; SIB refers to self-injurious 
behaviors; dis refers to disruption.  
  





Table 2 Treatment Characteristics 
Treatment Characteristics 
Note. Dashes indicate participants did not experience treatment procedures. Trans. refers to 
transitions. Indep. refers to independent completion of the tasks. 
 
 FCR  Final Schedule 




5x5 icon outside 
of arm’s reach 






I want to play 
with the iPhone 
please 
Excuse me, I want to 
play on the iPhone 
please 
 15/30/40 




5x5 icon within 
arm’s reach 
5x5 icon in binder 
within arm’s reach 
 Denial probes 
Eric My way My way please 






5x5 icon within 
arm’s reach 
5x5 icon in binder 
within arm’s reach 
 5/10/15 
Sam My way My way please 





Mark My way My way please 








5x5 on board + 
point to chest 





Larry  My My way Excuse me, my way  
5/15/20 + 
trans. 




Can I have my 
way please 
Raise hands, Excuse 






I want to 
stay 
I want to stay and 
play 
Excuse me, can I stay 
and play 
 
5/10/ 15 + 
trans. 





Table 3 Functional Analysis Characteristics 







(min) Evocative Events Preferred Events 
Adam  Primary  3  15 Transitions  Independent play 
Amy  Primary 3 15 Adult-directed play 
with phone  
Child-directed play 
with phone 
Gabie Secondary -- -- Reading Workbooks Interactive Play 
Daichi Secondary 5 25 -- Access to tablet 
Eric  Primary 3 15 Transitions  Interactive play 
Nathan Primary 3 15 Instructions  Interactive play 
Sam Primary 3 15 Instructions and 
transitions  
Independent play 
Mark Primary 3 18 Instructions and 
transitions  
Access to tablet 
Roni Primary 3 15 Instructions and 
transitions  
Access to phone 
Larry Primary 3 15 Instructions and 
transitions 
Access to Phone and 
Interactive Play 
Liam Primary 3 15 Blocked access of 
leisure items 
Free access of 
leisure items 
Terrance Primary 3 15 Instructions divided 
attention  
Interactive play 
Ziad Secondary 3 15 Transitions  Interactive play 
Note. Analysis iteration refers to the number of modifications that was required before 
differentiated results were obtained or functional analysis was discontinued (i.e., Gabie). 





Table 4 Investigator’s Global Assessment (Modified for Behavioral Intervention) 
Investigator’s Global Assessment (Modified for Behavioral Intervention) 




100% reduction in problem behavior 




90% reduction in problem behavior 




75% reduction in problem behavior 




50% reduction in problem behavior 




25% reduction in problem behavior 









Any increase in problem behavior 
from baseline performance 
 
 





Table 5 Problem Behavior Outcomes 
Problem Behavior Outcomes 
Note. Dashes indicate participants did not experience treatment procedures. Numbers in 
parentheses depicts the MBLR during that treatment phase. BL refers to the final three points of 
baseline. Interm. Refers to the intermediary FCT. DDTT stands for delay/denial tolerance 




Simple  Interm. Complex DDTT 
Adam 2.22 0 (100%) 0 (100%) 0 (100%) .05 (97%) .04 (98%) Excellent 
Amy 2.56 0 (100%) 0 (100%) 0 (100%) 0 (100%) 0 (100%) Complete 
Gabie 0 -- -- -- -- -- -- 
Daichi .85 0 (100%) 0 (100%) 0.12 (86%) .06 (93%) .03 (96%) Excellent 
Eric 1.78 0 (100%) 0 (100%) 0 (100%) 0 (100%) 0 (100%) Complete 
Nathan 5.11 0 (100%) 0 (100%) 0 (100%) .02 (99.6%) .03 (99%) Excellent 
Sam 2.56 0 (100%) 0 (100%) 0 (100%) .04 (98%) 0 (100%) Complete 
Mark 2 .13 (94%) 0 (100%) 0 (100%) .02 (99%) 0 (100%) Complete 
Roni 2.33 0 (100%) 0 (100%) 0 (100%) .05 (98%) .03 (99%) Excellent 
Larry 2.33 0 (100%) 0 (100%) 0 (100%) .04 (98%) 0 (100%) Complete 
Liam 1.89 -- -- -- -- -- -- 
Terrance 1.11 0 (100%) .11 (90%) 0 (100%) .03 (97%) .04 (96%) Excellent 
Ziad 1.67 .33 (80%) 0 (100%) 0 (100%) 0 (100%) 0 (100%) Complete 
AVG 2.03 .04 (98%) .01 (99.5%) .01 (99.5%) .03 (98.5%) .02 (99.2%) Complete 





Figure 1 Schematic of Treatment Procedures 




Note. A trial refers to a procedural sequence beginning with the removal of the reinforcers and 
























































BRIEF SESSION DURATION           
 
 
Figure 2 Functional Analysis Applications 
Functional Analysis Applications 
 
 
Note. Vertical bars represent the level of control (strong, moderate, weak) obtained during each 



























































































































































































Figure 3 Problem Behavior during the Treatment Evaluation 











































Figure 4 Treatment Evaluation for Adam 
Treatment Evaluation for Adam 
 
 













































































































































Figure 5 Treatment Evaluation for Amy 
Treatment Evaluation for Amy 
 
 










































1 2 3 4 5 6 7
Thinning Levels
1. Tolerance 5. 5/10/15 
2. 1/1/1 6. 10/15/30    






















































































Figure 6 Treatment Evaluation for Daichi 
Treatment Evaluation for Daichi 
 
 















































1 2 3 4
Thinning Levels
1. Tolerance       5. 2/3/6
2. Tolerance 2     6. 2/3/6 trans.



































































































Figure 7 Treatment Evaluation for Eric 
Treatment Evaluation for Eric 
 
  












































1 2 3 4 5 6 7
Thinning Levels
1. Tolerance 5. 3/6/12
2. 1/1/1 6. 5/10/15
























































































   
Figure 8 Treatment Evaluation for Nathan 
Treatment Evaluation for Nathan 
 
 














































1 2 3 4 5 6 7
Thinning Levels
1. Tolerance 5. 3/6/12 
2. 1/1/1 6. 5/10/15    
































































































Figure 9 Treatment Evaluation for Sam 
Treatment Evaluation for Sam 
 
 













































1 2 3 4 5 6 7
Thinning Levels
1. Tolerance 5. 3/6/12 
2. 1/1/1 6. 5/10/15    




























































































Figure 10 Treatment Evaluation for Mark 
Treatment Evaluation for Mark 
 
 
Note. The values in the thinning levels refer to the easy/moderate/difficult set of instructions.  





















































































1 2 3 4 5 6 7
Thinning Levels
1. Tolerance 5. 3/6/12
2. 1/1/1 6. 5/10/15



























































Figure 11 Treatment Evaluation for Roni 
Treatment Evaluation for Roni 
 












































1. Tolerance   5. 3/5/8
2. 1/1/1 6.3/6/12   
3. 1/2/3 7. 5/10/15
4. 2/3/6 8. 5/10/15 (Trans.)




























































































Figure 12 Treatment Evaluation for Larry 
Treatment Evaluation for Larry 
 
 














































5 6 7 8
Thinning Levels
1. Tolerance 5. 3/6/12 
2. 1/1/1 6. 5/10/15    
3. 1/2/3 7. 5/10/15 (Trans.)





























































































Figure 13 Treatment Evaluation for Terrance 
Treatment Evaluation for Terrance 
 
 















































4 5 6 7
Thinning Levels
1. Tolerance  4. 2/3/6     7. 5/10/15 (5-s check)
2. 1/1/1        5. 3/6/12    8. 5/10/15 (20-s check)

































































































Figure 14 Treatment Evaluation for Ziad 
Treatment Evaluation for Ziad 
 
 









































1 2 3 4 5 6 7
Thinning Levels
1. Tolerance 4. 2/3/6     7. 5/10/15 (Trans.)
2. 1/1/1 5. 3/6/12


































































































   
Figure 15 Social Validity Outcomes for the Assessment and Treatment Process 





You found the assessment representative
You found the assessment safe
You found the assessment acceptable
Functional Assessment





You are satisfied with improvement 
in problem behavior 
You are satisfied with 
improvement in communication
You found the treatment helpful 
You found the treatment acceptable
Treatment





Figure 16 Clinical Hours of Therapeutic Services for Each Participant 
Clinical Hours of Therapeutic Services for Each Participant 
 
 
Note. * denotes participants discontinued before completion of the entire assessment/treatment 
process.
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 Appendix A Procedural Integr ity: Functional A nalysis Contro l and Test Trial   
Appendix A 
 





Experimenter does not provide any demands related to the test condition.   
Experimenter allows access to reinforcers for all control session (i.e., for 3 
min, the child has access to the reinforcer).   
Experimenter does not respond to any problem behavior (i.e., if the child 
engages in problem behavior the experimenter does not provide attention, 
access to toys, escape…etc.)    
Procedures 
Trials 
1 2 3 4 5 6 
Experimenter provides the appropriate demands at the 
beginning of the trial (e.g., "ok, times up, let's go sit an work 
here").             
Experimenter delivers the reinforcer contingent on 
precursors/problem behavior (e.g., when child engages in 
problem behavior, the experimenter immediately provides 
attention, access to toys, escape from demand..etc).              
Experimenter removes access to reinforcer after 30 sec (+/- 5 
sec).              
BRIEF SESSION DURATION           
 
 
Appendix B Procedura l Integri ty: Functiona l Communication Response Train ing  
Appendix B 




1 2 3 4 5 6 
Experimenter provides the appropriate demands at the beginning 
of the trial (e.g., "ok, times up, let's go sit and work here").             
The experimenter does not prompt the FCR response (e.g., if 
simple FCR, experimenter does not prompt the child to say "My 
way"). Note. This is different for each FCR level. The point is, no 
prompting.             
Experimenter delivers the reinforcer contingent on FCR (e.g., 
when child emits FCR, the experimenter immediately provides 
attention, access to toys, escape from demand…etc).              
Experimenter removes access to reinforcer after 30 sec (+/- 5 sec).              
The experimenter does not reinforce problem behavior (i.e., 
Problem behavior is extinguished).             
BRIEF SESSION DURATION           
 
 
Appendix C Procedura l Integri ty: Tolerance Training  
Appendix C 




1 2 3 4 5 6 
Experimenter provides the appropriate demands at the 
beginning of the trial (e.g., "ok, times up, let's go sit and work 
here").             
The experimenter does not prompt the FCR response (e.g., if 
simple FCR, experimenter does not prompt the child to say 
"My way"). Note. This is different for each FCR level. The 
point is, no prompting.             
During FCR only Trials (every other trial). Experimenter 
delivers the reinforcer contingent on FCR  (e.g., when child 
emits FCR, the experimenter immediately provides attention, 
access to toys, escape from demand).              
During Tolerance Trials (every other trial). Experimenter 
delivers says "not right now contingent on FCR response (e.g., 
child says "excuse me, my way please", and experimenter says 
" not right now").             
During Tolerance Trials (every other trial). Experimenter 
delivers the reinforcer contingent on Tolerance response (e.g., 
when experimenter says "not right now", the child responds 
with "okay", then the experimenter gives the child access to 
toys,  to attention, escape from demand).             
Experimenter removes access to reinforcer after 30 sec (+/- 5 
sec).              
The experimenter does not reinforce problem behavior (i.e., 
Problem behavior is extinguished).             
Answer this after each video: The experimenter said No 
around 50% of the time (every other trial).   
BRIEF SESSION DURATION           
 
 








1 2 3 4 5 6 
Experimenter provides the appropriate demands at the 
beginning of the trial (e.g., "ok, times up, let's go sit and 
work here").             
The experimenter does not prompt the FCR response (e.g., if 
simple FCR, experimenter does not prompt the child to say 
"My way"). Note. This is different for each FCR level. The 
point is, no prompting.             
During FCR only Trials Experimenter delivers the 
reinforcer contingent on FCR  (e.g., when child emits FCR, 
the experimenter immediately provides attention, access to 
toys, escape from demand).              
During Tolerance Trials.  Experimenter delivers says "not 
right now contingent on FCR response (e.g., child says 
"excuse me, my way please", and experimenter says " not 
right now").             
During Tolerance Trials.  Experimenter delivers the 
reinforcer contingent on Tolerance response (e.g., when 
experimenter says "not right now", the child responds with 
"okay", then the experimenter gives the child access to toys,  
to attention, escape from demand).             
During demand Trials. Experimenter places demands after 
the child says "okay".             
During demand Trials. Experimenter delivers reinforcer 
contingent on x number of demands (determined by chart).             
Experimenter removes access to reinforcer after 60 sec (+/- 5 
sec).              
The experimenter does not reinforce problem behavior (i.e., 
Problem behavior is extinguished)             
Answer this after each video: The experimenter delivered 2 
FCR trials, 1 tolerance trial, 1 high demand, 1 medium 
demand, and 1 low demand trials. A total of 6 trials   











Note. FA stands for functional analysis. PI stands for procedural integrity. IOA stands for 
interobserver agreement. Comm. Stands for communication responses. Dashes indicate no 
videos to code for IOA or PI.























Adam 97% 100%  100% 98% 99% 99%  100% 53% 
Amy  94% 100%  100% 98% 88% 97%  41% 38% 
Gabie 100% 100%  -- -- -- --  100% 40% 
Daichi 96% --  99% 98% 100% 97%  40% 43% 
Eric 98% 100%  100% 97% 99% 99%  88% 42% 
Nathan 96% 100%  100% 98% 96% 96%  61% 39% 
Sam 99% 98%  100% 96% 92% 99%  67% 39% 
Mark 99% 100%  100% 98% 99% 97%  40% 38% 
Roni 94% 98%  99% 98% 98% 99%  41% 39% 
Larry  97% 98%  100% 98% 98% 100%  60% 38% 
Liam 98% 100%  -- -- -- --  60% 60% 
Terrance 97% 100%  100% 99% 84% 98%  48% 35% 
Ziad 94% 99%  100% 96% 86% 95%  49% 54% 
Mean 97% 99%  100% 98% 94% 98%  61% 43% 









Child name:  
Name(s) of parent(s)/caregiver(s):__________________________________________ 
 
Questionnaire for Caregivers: Assessment 
 
1. Rate the extent to which you found the assessment acceptable. 
1 2 3 4 5 6 7 






2. Rate the extent to which you found the assessment to be safe for your child.  
1 2 3 4 5 6 7 






3. How well did the assessment represent the context in which you experienced problem 
behavior at home?  
1 2 3 4 5 6 7 





Questionnaire for Caregivers: Treatment 
 
1. Rate the extent to which you are satisfied with the amount of improvement seen in your 
child’s problem behavior in our clinic. 
1 2 3 4 5 6 7 










2. Rate the extent to which you are satisfied with the amount of improvement seen in your 
child’s communication skills in our clinic. 
1 2 3 4 5 6 7 





3.  Rate the extent to which you have found the assessment and treatment provided by our 
team helpful to your home situation up to this point. 
1 2 3 4 5 6 7 






4. Rate the extent to which you found the recommended treatment acceptable. 
1 2 3 4 5 6 7 
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